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Abstract. At the Relativistic Heavy Ion Collider (RHIC), key insights into the bulk properties of the hot and dense partonic 
matter arise from the study of azimuthal anisotropy (v2) of the produced particles. These insights include indicating the matter 
undergoes rapid thermalization and behaves hydrodynamically at low pj. Recently a low energy scan (< ^/s^n = 62.4 GeV) 
began at RHIC to search for the QGP critical point, where a change in V2 from higher energies could play a key role in its 
identification. Additionally, higher order flow harmonics have recently been shown to provide constraints on initial geometry 
fluctuations. Discussed here are some of the latest low energy and higher order flow results from PHENIX. 
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Studies of azimuthal anisotropy, or flow, in heavy-ion collisions have resulted in many key insights into the properties 
of the quark gluon plasma (QGP). In particular, the 2^^ harmonic flow signal, V2, has revealed that the medium 
undergoes rapid thermalization and behaves hydrodynamically at low transverse momentum (pr). 

Recently RHIC began a low energy scan (< -^s^n = 62.4 GeV) to search for the QGP critical point, where a change 
in the flow signal could mark its location. Figure 1 shows PHENIX preliminary Vnipr) for ^/snn = 200, 62.4 and 
39 GeV data where, despite up to a factor of ^^5 difference in beam energies, the flow signals are consistent within 
each harmonic, indicating the hydrodynamic properties are similar within this beam energy range. Further evidence of 
similar behavior is seen in Fig. 2, where identified particle V2 is shown for 39 GeV data. In (a) the same mass scaling 
below and the same baryon/meson splitting above pr ~ 1.5 GeV/c is seen as in the 200 GeV data [1]. Furthermore, 
(b) shows the same nq scaling behavior, indicating partonic level interactions, as seen with 200 GeV data, however, 
there is a small scaling discrepancy around KEr/nq ^OA GeV. 

Conversely, if the V2 of ^/sNN = 7 GeV data is compared to 200 GeV data, a significant difference is seen, as shown 
in Fig. 3(a), indicating a change in the mediums properties. Displayed another way, Fig. 3(b) shows V2(y^^Aw)» where 
the signal flattens between 39 and 200 GeV, but starts decreasing somewhere below 39 GeV. Does this indicate the 
medium is changing from partonic to hadronic interactions? Can this help reveal the critical point? Investigations are 
continuing in this transition region, including the collection of new data at 19.6 and 27 GeV during the 2011 RHIC 
run, which will help in answering these questions. 

Recently, higher order harmonic measurements, such as V3 and V4, have started revealing insights about the 
medium's initial geometry. Traditionally, the medium has been thought of as having a smooth texture where the odd 
harmonics (vi, V3, V5...) would cancel out and be consistent with zero at mid-rapidity due to symmetry. However, recent 
studies [2] have shown that this may not be the case and the medium may in-fact be "chunky" due to fluctuations in the 
participant nucleon's collective geometry, causing fluctuations in the flow signal and resulting in the odd harmonics 
persisting. Figure 4 shows that indeed the V3 signal is significantly positive at mid-rapidity with a weak centrality 
dependence, which are both consistent with a chunky initial geometry leading to fluctuations. Additionally, V4, shown 
here using the 4^^ harmonic event plane (^4), is ^2x larger than when using ^2 [3] due to ^4 originating not only 
from the eccentricity and pressure gradients that drive ^2? but also the same fluctuations as V4, thus resulting in a 
stronger correlation and larger signal. 

To summarize, in an effort to find the critical point PHENIX has measured V2, V3 and V4 as a function of pr for ^snn 



= 200, 62.4 and 39 GeV, where similar signals are seen within each harmonic, indicating similar medium properties. 
However, a significant decrease in V2{pt) is observed when comparing these higher energies to ^/snn = 7 GeV, 
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FIGURE 1. PHENIX preliminary Vnipr) for 200, 62.4 and 39 GeV beam energies using a centrality range of 0-20%. Despite 
the significant differences in beam energies the flow signals are consistent within the different harmonics, indicating similar 
hydrodynamic properties. 
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FIGURE 2. (a) shows PHENIX preliminary ;r^, and (anti)proton V2 (pr) for 20-60% centrality Au+Au collisions at 39 GeV, 
while (b) shows V2 / nq{KET / Uq) for the same identified particles. Except for a small deviation for (anti)protons at KEj /riq ^ 0.4 
GeV, both (a) and (b) demonstrate similar behavior as 200 GeV collisions [1], indicating similar medium properties at the two 
energies. 



indicating differing medium properties. To further investigate, data from other beam energies within this transition 
region has recently been collected. Additionally, PHENIX has measured the flow of higher order harmonics, which 
should provide additional constraints on initial geometry fluctuations and hydrodynamical evolution. 
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FIGURE 3. (a) shows the significant difference between y/s^N = 7 and 200 GeV data for V2{pt)^ indicating a difference in the 
medium's properties, (b) shows V2(i/^aw) at specific pr values for various beam energies from PHENIX, STAR and E895. Here a 
flattening of the signal is seen above 39 GeV, indicating similar medium properties, while a decrease in signal begins in a transition 
region somewhere below this energy, indicating a change in the medium's properties. 




FIGURE 4. PHENIX prehminary v„ (pr ) of Au+Au 200 GeV data for different centrahty ranges and within a pseudorapidity (t] ) 
region of |t7 | < 0.35. Statistical and systematic errors are shown by the bars and dashed lines, respectively. 
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